Single-walled carbon nanotubes (SWNTs) are high aspect ratio cylinders of carbon (~1 nm in diameter) whose walls are one atomic layer thick and have an atomic arrangement analogous to graphite. The SWNT atomic structure is defined by a twodimensional chiral vector whose components are specified by a pair of positive integers: (n,m). This chirality of the SWNT dictates its properties. Unfortunately, current methods for producing SWNTs lack control over chirality, leading to significant polydispersity in the properties of as-synthesized SWNTs.
In an effort to realize the technological promise of SWNTs, many techniques have been developed to sort SWNTs by their physical and electronic structure. Examples include dielectrophoresis 1 , chemical functionalization 2 , selective etching 3 , controlled electrical breakdown 4 , anion exchange chromatography 5 , and size exclusion chromatography 6 . While these approaches have been implemented for small-scale use, none have yet been adopted for industrial-scale separation of SWNTs.
We describe an alternative strategy for sorting SWNTs called density gradient ultracentrifugation (DGU). It combines several desirable attributes for large-scale production, including scalability, compatibility with a diverse range of raw materials, noncovalent and reversible functionalization chemistry, and iterative repeatability 7,8 .
Historically, DGU has been widely used in biochemistry and the pharmaceutical industry for separating subcellular components 9 . DGU works by exploiting subtle differences in buoyant density. The species of interest are loaded into an aqueous solution with a known density gradient. Under the centripetal force of an ultracentrifuge, the species sediment toward their respective isopycnic points (i.e. the position where their density matches that of the gradient). With suitable choice of the initial gradient, the species spatially separate by density at which point they can be removed by a process known as fractionation.
For DGU to be successful, the buoyant density of a SWNT must be directly related to its physical and electronic structure. Since a SWNT is a hollow cylinder, all of its mass is located on its surface. The buoyant density (mass-to-volume ratio) of a SWNT will be proportional to the surface-to-volume ratio for a cylinder, which is inversely proportional to the diameter. If DGU occurred in vacuum, then the SWNT buoyant density would follow this simple inverse relationship with its diameter.
However, since DGU occurs in aqueous solution and SWNTs are strongly hydrophobic, amphiphilic surfactants must be used to disperse the SWNTs. Consequently, the actual buoyant density of an SWNT in a DGU experiment will be a function both of the geometry of the SWNT and the thickness and hydration of the amphiphilic surfactant coating. (Fig. 1a) . Since these bundles possess a higher density than individually encapsulated SWNTs, they will simply sediment to the bottom of the density gradient during ultracentrifugation.
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The dispersed SWNT solution is then injected into a linear density gradient that is formed from a solution of water and iodixanol (C 35 H 44 I 6 N 6 O 5 ). By varying the concentration of iodixanol, which has a higher density than water, a density gradient can be formed (Fig. 1b) .
By injecting the SWNTs near their isopycnic point in the gradient, the distance that they need to travel and thus the ultracentrifugation time are minimized. (Fig. 1b) . Using one of several fractionation methods, the colored bands are removed from the centrifuge tube and collected sequentially in optical cuvettes. Optical purity of the resulting solutions is a direct indicator of monodispersity in the SWNT physical structure and electronic properties. 
